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REBECCA S. ROBERTS and L. MATHIS BUTLER*

Information for State Groundwater
Quality Policymaking t
INTRODUCTION

Half the United States population relies on groundwater as the primary
source for drinking water.' Reliance on groundwater is even higher in
some locations. In Florida, Mississippi, New Mexico, Nebraska, and
Hawaii, for instance, more than half of all water, and more than three-

quarters of all drinking water, is withdrawn from the ground. 2 In contrast

to surface water, groundwater has been perceived as a reliable source of

high quality drinking water.3
These perceptions are changing. A growing number of newly discovered groundwater contamination problems are making local and national
front page news. 4 As a result, the public is increasingly aware that groundwater is susceptible to contamination and, in many instances, has already
been irreversibly polluted.5 Such incidents touch growing public concerns
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'he financial support of the University of Oklahoma Research Council as well as the valuable
comments of Professor Fred Shelley and the cartographic assistance of Ellen White and Sally Gros
are gratefully acknowledged. Previous versions of this paper were presented at the Annual Meeting
of the Southwestern Social Science Association, Houston, March 16-19, 1983, and at the Eastern
Regional Conference on Ground-Water Management of the National Water Well Association, Orlando, October 31-November 2, 1983.
1. See generally Home, GroundwaterPolicy:A Patchwork of Protection, 24 ENV'T 6 (1982);
Burmaster & Harris, GroundwaterContamination:AnEmerging Threat, 85 TECH. REV. 50 (1982).
2. U.S. GEOLOGICAL SURVEY, CIRCULAR NO. 765, U.S. DEP'TINTERIOR, ESTIMATED
USE OF WATER IN THE UNITED STATES IN 1975, 20-23 & 30-31 (1977).
3. See generally Beck, Ground Zerofor Groundwater,in GROUNDWATER PROTECTION 12 (1980) (U.S. Environmental Protection Agency Water Quality Protection Report); Hall, Groundwater Quality Protection:The Issue in Perspective, 6 ENVTL. PROF. 46, 46-47 (1984).
4. For example, seepage of chemicals, including suspected carcinogens, into groundwater from
an old landfill nearAurora, Colorado, resulted in the indefinite postponement of housing construction.
The Water Well Journal Publishing Company, ALERT, Oct. 8, 1982. (The National Water Well
Association (Worthington, Ohio) publishes a biweekly newsletter, ALERT, which contains news
reports of contamination incidents.) As late as 1980, the highest known concentration of the carcinogen carbon tetrachloride in surface water was 30 parts per billion; wells in Tennessee, however,
have been found with more than 100,000 ppb. Burmaster & Harris, supra note 1, at 52. Water in
an Oklahoma restaurant caught fire, apparently because the groundwater had been contaminated by
gasoline from nearby gas stations and a marina. Beck, supra note 3, at 3.
5. For recent semipopular treatments of groundwater problems, see U.S. ENVTL. PROTECTION
AGENCY, GROUNDWATER PROTECTION (1980); V. PYE, GROUNDWATER CONTAMINATION IN THE UNITED STATES (1983); Home, supra note 1; Burmaster & Harris, supra note
1; GroundwaterSupplies: Are they Imperiled?, CONSERVATION FOUNDATION LETrER, June
1981.
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not only over the quality of drinking water but over the proliferation of
toxic and hazardous substances and their frequently undetected dispersal
throughout the environment. 6
An increased concern with the adequacy of regulatory programs to
protect groundwater quality has accompanied the growing awareness of
the susceptibility of groundwater to contamination. 7 In contrast to other
environmental resources, groundwater quality management continues to
be undertaken primarily at state and local levels.' Although several existing federal regulatory programs-such as the Resource C6nservation
and Recovery Act, 9 the Clean Water Act,'" and the Safe Drinking Water
Act'-relate to groundwater quality protection, current regulations are
varied, uncoordinated, and result in a "patchwork" of groundwater protection with overlaps and holes in coverage. 2 Major new federal initiatives
to address such deficiencies may not be forthcoming"' and, as a consequence, state governments are likely to maintain major responsibilities
for initiating and administering groundwater protection programs."
Considerable potential lies in the greater capacity of state, as opposed
to federal, government to recognize and adapt to geographic variation in
groundwater problems,' 5 taking into account locally prevailing legal, po6. Cf. Nine in 10 Concerned About Water Quality, U.S. Water News, July, 1984, at 1, col. 4;
Highland, Harzardous Waste: What Is Being Done to Control Its Disposal?, 31 VITAL ISSUES I
(1982); S. EPSTEIN & C. POPE, HAZARDOUS WASTE IN AMERICA (1982).
7. For discussions of the institutional structure of groundwater quality protection, see Home,
supra note 1; Hurd, Piecing the Puzzle Together, in GROUNDWATER PROTECTION 26 (1980);
Selig, An Overview of Law Dealing with Ground Water, in PROCEEDINGS OF THE SIXTH
NATIONAL GROUND-WATER QUALITY SYMPOSIUM 3 (D. Nielsen & L. Aller eds. 1983)
(available from the National Water Well Association); Tripp & Jaffe, Preventing Groundwater Pollution: Towards a Coordinated Strategy to Protect Critical Recharge Zones, 3 HARV. ENVTL. L.
REV. 1 (1979); Rea, Hazardous Waste Pollution: The Needfor a Different Statutory Approach, 12
ENVTL. L. 443 (1982).
8. Hurd, supra note 7, at 27. See also Selig, supra note 7.
9. 42 U.S.C. §§6901-6987 (1982).
10. 33 U.S.C. §§ 1251-1378 (1982).
11. 42 U.S.C. §§300f-300j-9 (1982).
12. Home, supra note 1; Tripp & Jaffee, supra note 7, at 9-25.
13. Further indications of this likelihood include the vociferous opposition expressed by the states
to federal intrusion in this substantive area, the commitment of the Reagan Administration to a policy
that leaves the responsibility for water resources management to the states, and the continuing
blockage within the administration of EPA's Groundwater Protection Strategy of 1980. See Grass,
EPA to Give States Responsibility for Ground-Water Protection, 22 GROUND WATER 380 (1984);
Home, supra note 1, at 11; U.S. Dep't of Interior, Watt Announces New System for Summarizing
the Nation's Water Resources (Mar. 10, 1983) (news release); Watt Blocks Groundwater Policy, 25
ENV'T 22 (1983).
14. Kimm, The Federal Ground-Water Protection Program-A Review, 17 GROUND WATER
75 (1979); Comment, Groundwater Pollution in South Dakota: A Survey of Federal and State Law,
23 S.D.L. REV. 698 (1978); Selig, supra note 7; Hurd, The 208 Planning Approach to GroundWater Protection-A Program Overview, 17 GROUND WATER 136 (1979).
15. The capacity of any centralized legislature or agency to adapt policy or programs to local
situations is limited by difficulties in organizing and coordinating the information base, the analytic
capabilities, and the administrative response necessary to such an effort. Consequently, most federal
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litical, and institutional opportunities and constraints. The fulfillment of
such potential, however, is dependent on the availability of information
of the appropriate kind, geographic scale, and organization to effectively
apply to policymaking.' 6 The most relevant information would define
problems and management alternatives, including information on: (1) the
location of potential problems; (2) the specific activities responsible for,
and likely to be affected by, contamination problems in a particular area;
(3) the seriousness of the conflicts; and (4) management actions that could
reduce conflicts in specific problem areas. Such information facilitates
policymaking by prioritizing problems and by providing concrete information on what can be done to reduce them, thereby bringing problems
down to manageable size. Many existing state groundwater information
programs, on the other hand, are designed to determine regional groundwater quality or to administer drinking water quality protection programs-functions not highly consistent with information needs.
The importance of problem-defining information is highlighted by the
"issue-attention cycle" concept 17 which describes the manner in which
public concern with an issue rises to a high level and then gradually fades.
Major regulatory initiatives are most likely to be undertaken at the height
of public concern. Indicators of growing public concern 8 suggest that
we are on the rising limb of such a cycle with respect to groundwater
quality problems. Without adequate problem-defining information available in the near future, expected groundwater quality initiatives may result
in regulatory programs that are either ineffective because they do not
address problems adequately or are so stringent that they become an
unreasonable burden on resources, political processes, and the courts.' 9
environmental protection programs stress standardized regulations and procedures. States and localities, because they are closer to the problem and encompass less variability, have greater capacity
to develop locally adapted programs. This capacity is particularly important in the case of groundwater
because of the highly localized nature of most contamination problems, combined with the ubiquity
of land uses that have the potential, under the right circumstances, to create threats to groundwater
quality. See Selig, supra note 7, at 4; U.S. ENVTL. PROTECTION AGENCY, NONPOINT SOURCE
POLLUTION IN THE UNITED STATES (1984); Hurd, supra note 14, at 141. For a more theoretical
justification for decentralized administration, see C. LINDBLOM, POLITICS AND MARKETS 6575 (1977). For a protocol documenting the development of a regionally administered management
plan for a heavily used aquifer in central Oklahoma, see The Association of Central Oklahoma
Council of Governments, Protocol for Establishment of a Ground Water Management and Protection
Plan (1984) (Office of Research and Dev., U.S. Envtl. Protection Agency, Ada, Oklahoma, CR807131). The protocol is designed to be transferred to other areas of the country.
16. See Tripp, Local Measures to Control Ground-Water Pollution: Innovative Strategies and

Legal Problems, in PROCEEDINGS OF THE SIXTH NATIONAL GROUND-WATER QUALITY
SYMPOSIUM 51 (D.Nielsen & L. Aller eds. 1983) (available from the National Water Well
Association); See generally Hurd, supra note 14.
17. Downs, Up and Down with Ecology--The 'Issue-Attention Cycle', 28 PUB. INTEREST 38
(1972).

18. See supra notes 4-8 and accompanying text.
19. The major federal environmental quality initiatives of the 1970s, including the Clean Air Act
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This article describes and evaluates an approach to developing a
groundwater quality information base that relies on land and water use
data, in contrast to groundwater quality data. This article suggests that
an information base that incorporates resource use data will produce
information more useful to state policy formulation than will an information base relying primarily on groundwater quality data. The current
emphasis on groundwater monitoring 2 and modeling2' may therefore be
misguided. The following section explores the limits of conventional
groundwater monitoring and modeling. Using examples from New England, the two subsequent sections describe an approach based on resource
use data and discuss its advantages in terms of cost, timeliness of results,
and conceptualization of groundwater problems. A concluding section
summarizes the wider applicability of this approach.
THE LIMITS OF GROUNDWATER MONITORING AND MODELING
Monitoring and modeling are frequently perceived as the most relevant
approaches to obtaining information on groundwater quality problems.22
and the Clean Water Act, have suffered from some of these problems. For both general and specific
discussions of implementation problems related to mismatched and overly stringent regulation, see
Mendeloff, Does OverregulationCause Underregulation?The Case of Toxic Substances, REGULATION, Sept.-Oct. 1981, at 47; McKean, Enforcement Costs in Environmental and Safety Regulation, 6 POL'Y ANALYSIS 269 (1980); Downing, Policy Consequences of Indirect Regulatory
Costs, 29 PUB. POL'Y 507 (1981); Ramo, Regulation ofTechnologicalActivities: A NewApproach,
213 SCI. 837 (1981); Daneke, The Future ofEnvironmental Protection: Reflections on the Difference
Between Planning and Regulating, 42 PUB. AD. REV. 227 (1982); and Nisbet, Flaws and Failures
of the Clean Air Act, in ENVIRONMENT 82/83 137 (J. Allis ed. 1982).
20. Groundwater monitoring is the repetitive assessment of groundwater quality based on actual
measurement of water quality parameters, usually through measurements made in a monitoring well
or by removal and analysis of a sample. See Tinlin, A Methodology for Monitoring Ground-Water
Quality Degradation, GROUND WATER MONITORING REV., Summer 1981, at 27. For a useful
distinction between detection and monitoring, which responds to the same difficulties with monitoring
described in this paper, see Keros Cartwright, Detecting and Monitoring Contaminated Groundwater
(Mar. 14, 1983) (unpublished manuscript presented at the National Science Foundation Workshop
on Groundwater Resources & Contamination in the U.S.).
21. A groundwater model consists of equations which describe the physical processes at work
within an aquifer, under certain assumptions. Though models only represent generalizations of actual
conditions, valid models do approximate the behavior of groundwater. See J. Mercer & C. Faust,
Ground-Water Modeling 1-2 (1981) (available from the National Water Well Association). In this
article, the term groundwater model primarily refers to numerical, rather than analytic, models. In
a numerical model, the partial differential equations are approximated numerically with finite-difference or finite-element techniques, and solved by computer. In an analytic model, the partial
differential equations are simplified by applying additional assumptions until solutions may be
obtained analytically. Although the assumptions required are frequently very restrictive, analytic
models can provide reliable results when applied appropriately and interpreted with good judgment.
Because of their ease of application and low cost, analytic models play an important role in the
resource use approach. See infra notes 70 & 103 and accompanying text.
22. See, e.g., Josephson, Groundwater Monitoring, 15 ENVTL. SCI. & TECH. 993 (1981);
Sharefkin, Kneese & Schechter, The High Cost of Contaminated Groundwater, 27 RES. 31 (1984)
(available from Resources for the Future, Baltimore) [hereinafter cited as High Cost]; Sharefkin,
Kneese & Schechter, Impacts, Costs, and Techniques for Mitigation of Contaminated Groundwater,
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Consequently, concern over groundwater problems is often heightened
by the expense and difficulty of obtaining information on the hydrogeologic environment through monitoring and modeling.23 Although monitoring, modeling, and associated activities are important and deserve
increased attention,24 they are frequently insufficient for the problem definition and characterization crucial to effective policymaking. Too much
attention to monitoring, modeling, and accompanying research needs can
drain resources away from other information needs and delay implementation of effective policies for groundwater quality protection.
The most obvious limit to the use of monitoring and modeling is
expense. In spite of recent advances in geophysical and remote-sensing
techniques, obtaining groundwater and subsurface environment data still
requires expensive drilling and other exploratory and analytic procedures.' 5 An effective monitoring program generally requires wells in locations, pumping from given strata, constructed or operated according to
specifications not served by existing wells.26 In addition to the expense
of developing and calibrating numerical computer models of a realistic
complexity, such models typically have requirements for hydrogeologic
data far in excess of what is widely available.
Aside from cost constraints, monitoring is frequently unsatisfactory
because it is virtually impossible to obtain sufficient ambient groundwater
RfF Reprint 210 (unpublished manuscript available from Resources for the Future, Baltimore)
[hereinafter cited as Impacts, Costs, and Techniques]. For examples of the technical orientation of
research needs as defined by federal research and resource management agencies, see BUREAU OF
RECLAMATION, OFFICE OF WATER RESEARCH, U.S. DEP'T OF INTERIOR, RESEARCH
AND DEVELOPMENT PROPOSALS FOR FISCAL YEAR 1983, FUNDING UNDER PROVISIONS OF THE WATER RESEARCH AND DEVELOPMENT ACT OF 1978 (1983) and Division
of Policy Research, National Science Foundation and Environmental Assessment Councit, National
Academy of Sciences, Agenda of a Workshop on Groundwater Resources and Contamination in the
U.S. (Washington, D.C., Mar. 14-15, 1983).
23. Cf. Josephson, supra note 22, at 993; High Cost, supra note 22; Impacts, Costs, and Techniques, supra note 22.
24. See Hall, supra note 3, at 49-51; Bouwer, Protecting the Quality of Our Ground Water:
What Can We Do?, GROUNDWATER MONITORING REV., Summer 1981, at 22; U.S. ENVTL.
PROTECTION AGENCY, PLANNING WORKSHOPS TO DEVELOP RECOMMENDATIONS
FOR A GROUND WATER PROTECTION STRATEGY apps. X-I to X-14 (1980) [hereinafter cited
as PLANNING WORKSHOPS]. Monitoring and modeling are particularly important in support of
research into the behavior of contaminants in the subsurface environment.
25. PLANNING WORKSHOPS, supra note 24, at app. X-7. See generally Cartwright, supra
note 20. The complexity and expense of evaluating a single site, including monitoring and modeling
efforts, is well illustrated by Gruber, Evaluation of Ground-Water ContaminationAssociated with
the Use of Organic Solvents at Romansville, Pennsylvania, in PROCEEDINGS OF THE THIRD
NATIONAL SYMPOSIUM ON AQUIFER RESTORATION AND GROUND-WATER MONITORING (D. Nielsen ed. 1983) (available from the National Water Well Association).
26. Burmaster & Harris, supra note 1, at 55-56; R. JACKSON, AQUIFER CONTAMINATION
AND PROTECTION 202 (International Hydrological Programme Project 8.3, 1980). See also Silka,
The NationalAssessment of Ground-WaterContaminationPotential of Wastewater Impoundments,
in MANAGEMENT OF UNCONTROLLED HAZARDOUS WASTE SITES 45, 46-47 (1980)
(discussing, deficiencies in the monitoring of impoundments).
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monitoring data to detect and define groundwater quality problems adequately.27 Groundwater quality varies greatly over relatively small distances; even a dense network of monitoring wells may not suffice to detect
problems 28 (Figures 1 and 2). This variation is a result not only of spatial
differences in the hydrogeology of aquifers and the nonuniform dispersal
of pollutant sources over the land surface29 but of the nature of groundwater flow through aquifers. Groundwater flow is slow and nonturbulent,
typically traveling only a few inches to a few feet per day in the flow
direction, with relatively little vertical or horizontal dispersal.3" As a
result, individual contaminant plumes are usually highly localized and
27. See Cartwright, supra note 20, at 1-4; U.S. ENVTL. PROTECTION AGENCY, THE REPORT TO CONGRESS, WASTE DISPOSAL PRACTICES AND THEIR EFFECTS ON GROUND
WATER 11-14 (1977) [hereinafter cited as WASTE DISPOSAL PRACTICES].
28. See Geraghty, Evaluation of Hydrogeologic Conditions, in MANAGEMENT OF UNCONTROLLED HAZARDOUS WASTE SITES 49 (1980); Home, supra note 1, at 11; Schmidt, How
Representative Are Water Samples Collected from Wells?, in PROCEEDINGS OF THE SECOND
NATIONAL SYMPOSIUM ON AQUIFER RESTORATION AND GROUND WATER MONITORING 117 (D. Nielsen ed. 1982) (available from the National Water Well Association); Cartwright,
supra note 20, at 1; WASTE DISPOSAL PRACTICES, supra note 27, at 11-14.
29. Osiensky, Winter & Williams, Monitoring and Mathematical Modeling of Contaminated
Ground-Water Plumes in Fluvial Environments, 22 GROUND WATER 298 (1984); Schmidt, supra
note 28; Keith, Wilson & Fitch, Sources of Spatial-Temporal Variability in Ground-Water Quality
Data and Methods of Control: Case Study of the Cortaro Monitoring Program, Arizona, in PROCEEDINGS OF THE SECOND NATIONAL SYMPOSIUM ON AQUIFER RESTORATION AND
GROUND WATER MONITORING 217 (D. Nielsen ed. 1982).
30. WASTE DISPOSAL PRACTICES, supra note 27, at 81-106. See generally R. FREEZE &
J. CHERRY, GROUNDWATER 15-79 (1979).
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affect only small portions of an aquifer.3" An ambient monitoring program
can fail to detect plumes or may detect them only many years after the
initial pollution incident.3 2
Even if an ambient groundwater monitoring program were feasible,
the usefulness of the information provided to the policy process is open
to serious question. Because groundwater in most aquifers moves slowly
and is subject to relatively few attenuating and dispersive mechanisms,
the natural flushing of contaminants is generally inadequate. 3 Frequently,
31. Hall, supranote 3, at 47-48; WASTE DISPOSAL PRACTICES, supra note 27, at 102-106.
32. Pettyjohn, Ground-WaterPollution-An Imminent Disaster,17 GROUND WATER 18 (1979)
(providing a number of examples of contamination incidents occurring as far back as the early 19th
century that are only now being detected).
33. Miller, Controlled Degradationandlor Protection Zones-The Way It Looks, 17 GROUND
WATER 156 (1979).
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with improving technologies, contaminated aquifers can be cleaned but
not always with complete success and always expensively.14 Once groundwater has been contaminated, and can be detected through a monitoring
program, possible remedial action is often limited to finding alternative
sources of water for users affected by the pollution. As a consequence
of this irreversibility, most analysts conclude that protection of groundwater supplies must rely on planning and preventive controls.35 Because
contamination is detected only after it has occurred, monitoring does not
provide an adequate information base for the design of preventive policies. 6
Monitoring does have legitimate purposes, particularly when concentrated near supply wells or major contaminant sources.37 Legitimate purposes of such monitoring include: (1) the detection of contaminants in
drinking water; (2) the provision of early warning of such contamination;
(3) the evaluation of existing plumes from contaminant sources; (4) the
activation of contingency plans for the management of plumes; (5) the
assignment of legal liability or the protection of the operator from such
liability; and (6) the provision of data for research and development.38
Important as these functions are, however, they do not serve adequately
policymakers' needs for information that identifies, characterizes, and
prioritizes existing and potential groundwater quality problems and alternative policies.39 Monitoring at or near water-supply wells is essential
34. The containment or cleanup of each site may cost millions of dollars and is rarely completely
successful. Not only is the actual physical cleanup expensive, but the evaluation of the extent and
nature of the contamination and the design of a cleanup strategy must be handled individually for
each site and are themselves time consuming and expensive. See Miller, supra note 33; Nielsen,
Remedial MethodsAvailable in Areas of Ground-WaterContamination, in PROCEEDINGS OF THE
SIXTH NATIONAL GROUND-WATER QUALITY SYMPOSIUM 219 (D. Nielsen & L. Aller eds.
1983) (available from the National Water Well Association); Lindorff, Ground-WaterPollution-A
Status Report, 17 GROUND WATER 9 (1979); High Cost, supra note 22, at 29. See generally,
PROCEEDINGS OF THE SECOND NATIONAL SYMPOSIUM ON AQUIFER RESTORATION
AND GROUND WATER MONITORING (D. Nielsen ed. 1982).
35. See, e.g., Cleanup of Contaminated Ground Water Costs $5 to $10 Million per Site, 36
WATER WELL J. 14 (1982); Tripp & Jaffee, supra note 7, at 32-34; Kimm, supra note 14, at 76;
Miller, supra note 33; Hall, supra note 3, at 47.
36. One writer suggests that the detection of a contaminated well in a regional monitoring network
indicates that either the well is in a location not representative of regional groundwater quality or
that contamination in the aquifer is so extensive that little can be done except to abandon its use.
Cartwright, supra note 20, at I.
37. Monitoring is most cost-effective as a means to protect groundwater when used to monitor
major point sources of contamination. See, WASTE DISPOSAL PRACTICES, supra note 27, at
13-14. Examples of pollutant sources that can be monitored include: municipal sewage treatment
plants, industrial sites, solid waste sites, and mining areas.
38. Cartwright, supra note 20, at 1-2.
39. These inadequacies are recognized by many hydrogeologists. E.g., Cartwright supra note
20, at 1-2.
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to the protection of public health,"° but monitoring at distances sufficient
to permit protection of continued well use quickly encounters the tradeoff
between cost and reliable detection characteristic of ambient monitoring
(Figure 2). Source monitoring provides a limited measure of groundwater
protection by providing early warning of contamination. Potential remedial measures, however, are expensive, not always effective, and reactive rather than preventive. Finally, source monitoring does not detect
contamination from diffuse or less hazardous sources for which monitoring is too expensive yet which, nevertheless, can produce serious
groundwater contamination. 4' The significance of this deficiency is illustrated by the ubiquity of sources such as urban runoff, agriculture, septic
tanks, underground storage tanks, and spills and leaks from commercial
and light industrial areas.
Groundwater models can reduce some of the limitations of monitoring.
Once constructed and calibrated, numerical computer models42 permit
aquifer conditions to be predicted from contaminant discharges and other
applied stresses thereby reducing the need to physically measure the
quality of groundwater and allowing the anticipation of future groundwater conditions. Although a considerable number of groundwater models
have been constructed and used in planning and policymaking,43 modeling
is still an emerging art with limited usefulness as an operational tool for
policymaking." Data requirements for model construction are extensive
and costly and frequently require installation of monitor wells and other
40. See generally, McDermott, Ground-WaterQuality Standards-Relevant, 17 GROUND WATER
35, 37 (1979); WASTE DISPOSAL PRACTICES, supra note 27, at 13-14.
41. For discussions of the hazards produced by nonpoint sources, see U.S. ENVTL. PROTECTION AGENCY, GROUND WATER MANAGEMENT IN THE SOUTHIEASTERN UNITED STATES
4-23-4-47 (1983) [hereinafter cited as GROUND WATER MANAGEMENT]; U.S. GENERAL
ACCOUNTING OFFICE, INFORMATION ON DISPOSAL PRACTICES OF GENERATORS OF
SMALL QUANTITIES OF HAZARDOUS WASTES (1983).
42. Numerical computer models have to a great extent replaced older analog and physical models.
For a general introduction to groundwater modeling, see J. MERCER & C. FAUST, supranote 21.
For reviews of groundwater modeling, see Prickett, State-of-the-Art of GroundwaterModeling, 3
WATER SUPPLY & MGMT. 131 (1979) [hereinafter cited as Modeling]; Prickett, Modeling Techniques for GroundwaterEvaluation, 10 ADVANCES IN HYDROSCIENCE 1 (1975) [hereinafter
cited as Techniques]; Summers & Rupp, Selection and Use ofAssessment Methodsfor Ground-Water
Contamination,in PROCEEDINGS OF THE SIXTH NATIONAL WATER QUALITY SYMPOSIUM
209 (D. Nielsen & L. Aller eds. 1983) (available from the National Water Well Association).
43. For descriptions of such applications, see Modeling, supra note 42; Techniques, supra note
42.
44. For evaluations of the reliability and usefulness of groundwater models, as summarized in
the text, see Wang & Williams, Aquifer Testing, MathematicalModeling, and Regulatory Risk, 22
GROUND WATER 285 (1984); Home, supra note 1, at 11; Bouwer, Controlled Degradationandl
or ProtectionZones-Nonsense, 17 GROUND WATER 162 (1979); Modeling, supranote 42; Baski,
Ground-Water Models-Intellectual Toys, 17 GROUND WATER 177 (1979); Darr, Ground-Water
Computer Models-PracticalTools, 17 GROUND WATER 174 (1979); Summers & Rupp, supra
note 42.
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exploratory work. The models are not easily understood or evaluated and
frequently become unreliable without warning when extrapolated beyond
the range of their calibration. Finally, models are often intolerant of
shortcomings in the data and in our knowledge of the fate of contaminants
in the underground environment.45 In short, they are highly dependent
on the judgment of the modeler, as informed by specific knowledge of
the site. Their use is most appropriate, and most accepted, when evaluating problems at specific sites. In other words, modeling is most useful
where potential problems have already been identified.
In sum, both groundwater monitoring and modeling have significant
deficiencies. Monitoring is unlikely to ever provide definitive information
on variation in groundwater quality. In addition, monitoring programs in
most states only now are being developed. These new programs will be
hard pressed just to assume those functions for which monitoring is well
suited.4 6 Desirable numbers of suitably placed wells do not yet exist (and
are often precluded by high costs). Sampling rates are often low with
long analysis turnaround times, and analyses are costly and generally
performed on relatively few parameters. Numerical computer models hold
promise as powerful tools for policymaking. Computer models remain
an area of active research and development but possess input requirements
too formidable and reliabilities too low for widespread practical application to the identification of problems. Thus, monitoring and modeling
are currently incapable of identifying and characterizing problems sufficiently well to permit the evaluation of policy needs, priorities, and
alternatives. Consequences of such a lack of information include: (1)
under-regulation and future water quality protection strategies based on
water treatment, aquifer cleanup, and the development of alternate supply
sources; (2) over-regulation induced by fear and by a lack of understanding
of the problems; or (3) a costly geographic mismatch between problems
and regulation.
AN ALTERNATIVE APPROACH FOR PROBLEM DEFINITION
The inadequacies of monitoring and modeling do not preclude the
45. In particular, the movement of contaminants is not adequately understood. Especially lacking
is an adequate understanding of organic chemicals movement through geologic media and the effect
of sorption, chemical and biological degradation, volatilization, and fixation on such movement.
See R. JACKSON, supra note 26, at 192; U.S. ENVTL. PROTECTION AGENCY, A GROUNDWATER RESEARCH STRATEGY (draft 1982); Hall, supra note 3, at 49-51; PLANNING WORKSHOPS, supra note 24, at apps. X-1, X-15. Even if such theoretical knowledge were available,
previous hydrogeologic surveys, concerned principally with water availability, have not consistently
recorded those characteristics of the subsurface environment important to contaminant transport.
PLANNING WORKSHOPS, supra note 24, at app. X-9.
46. For documentation of insufficient source monitoring, see Josephson, supranote 22. See also
Silka, supra note 26, at 46-47.
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development of an appropriate information base for groundwater policymaking. A particularly promising approach, developed most completely
by the New England states,47 is based on land and water use data, rather
than on groundwater data. Emphasis on resource use, rather than on the
physical resource, subtly but significantly reconceptualizes groundwater
quality problems and options for reducing them. Further, a use analysis
organizes information on groundwater problems in a way particularly
helpful to state and local policymaking.
The intimate connection between land use and groundwater quality has
figured prominently in the recent groundwater protection literature.4 8 The
connection derives from the origin of most groundwater contamination
in substances deposited on or near the land surface as a result of human
activities.49 Moreover, although some of the most dangerous sources of
groundwater contamination are isolated point-source activities, by far the
greatest volume of groundwater contamination originates from frequently
ordinary land uses affecting large tracts of land.5"
This relationship between land use and groundwater has led analysts
to conceptualize groundwater quality protection in terms of keeping pollutants out of groundwater by controlling land uses in recharge zones.
This conceptualization has merits but can reduce policy effectiveness
when combined with an approach to information based on monitoring
47. The approach of the New England states has strong roots in the Clean Water Act Section 208
areawide planning programs and the data developed for these programs. Most other states have
similar data bases and some have incorporated elements of their Section 208 planning into groundwater management efforts. See Wallace, The 208 PlanningApproach to Ground-Water ProtectionA Foot in the Door, 17 GROUND WATER 142 (1979); Yoder, The Biscayne Aquifer Project: A
Local Wellfield ProtectionProgram, in PROCEEDINGS OF THE SIXTH NATIONAL GROUNDWATER QUALITY SYMPOSIUM 68 (D. Nielsen & L. Aller eds. 1983) (available from the National
Water Well Association). The New England states, however, have brought this approach fully to
bear on information for groundwater policy.
48. See Geraghty & Miller, Status of GroundwaterContamination in the U.S., 70 AM. WATER
WORKS A.J. 162 (1978); Tripp & Jaffe, supra note 7, at 34; Meyer, Ground-WaterContaminationNo 'Quick-Fix' in Sight, in U.S. GEOLOGICAL SURVEY Y.B., FISCAL YEAR 1980 18 (1980);
Greenberg, Anderson, Keene, Kennedy, Page & Schowgurow, Empirical Test of the Association
Between Gross Contaminationof Wells with Toxic Substancesand SurroundingLand Use, 16 ENVTL.
SCI. & TECH. 14 (1982).
49. Hall, supra note 3, at 47-48; GROUNDWATER MANAGEMENT, supra note 41, at 4-234-47.
50. For an example of the importance of nonpoint sources to groundwater quality problems, cf.
infra notes 70-81 and accompanying text. See generallyGROUNDWATER MANAGEMENT, supra
note 41; WASTE DISPOSAL PRACTICES, supranote 27. Feedlots, landfills, and hazardous waste
disposal facilities are examples of point sources of contamination. Nonpoint sources include land
uses that are spread over relatively wide areas, such as oil fields, agriculture, septic tank-dependent
housing developments, urban runoff, mining, leaks and spills, land disposal of wastewaters.
51. Tripp & Jaffe, supra note 7, at 34-35; Rayner, Ground-WaterQuality Standards-Irrelevant,
17 GROUND WATER 39, 39-41 (1979); O'Toole, Water Quality Forum, in GROUND WATER
PROTECTION: A WATER QUALITY MANAGEMENT REPORT 31 (1982). A recharge area is a
portion of a drainage basin where net saturated flow of groundwater is away (down) from the water
table. R. FREEZE & J. CHERRY, supra note 30, at 194.
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and modeling. Information derived from monitoring and modeling is
seldom adequate to define problems or to permit the evaluation of alternative policies. The concomitant uncertainties encourage either a hesitancy to proceed52 or inflexible "nondegradation" protection strategies,
such as stringent land use controls prohibiting all risky land uses in
suspected aquifer recharge zones.53 Depending on how broadly "recharge
zones," "aquifer," and "risky land uses" are defined,54 such policies
could imply the prohibition of most land uses over very substantial areas."
Both approaches tend to polarize public opinion along resource development versus environmental protection lines, reducing problem-solving
flexibility56 and frequently precluding the adoption or effective implementation of regulations.5 7 The result may be no regulation at all.
In sum, when the policy focus is on the physical resource, information
on groundwater quality problems is formulated from data on groundwater.
Policies are designed to protect all groundwater from adverse change
(Figure 3a). Stringent land use regulation primarily is conceived of as a
tool to eliminate risky land uses from recharge areas."
52. Cf. High Cost, supra note 22, at 31; Impacts, Costs, and Techniques, supra note 22.
53. For a defense of a nondegradation approach based in part on uncertainties associated with
monitoring and health effects, see Tripp & Jaffe, supra note 7, at 32-35.
54. The terms aquifer and recharge zone are relative, applying to geologic units that transmit or
recharge significant quantities of water. R. FREEZE & J. CHERRY, supra note 30, at 47 & 194.
Most geologic strata transmit some water, and groundwater is recharged to some extent from much
of the land surface. For similar problems in definition of "risky" land uses, see infra note 80 and
accompanying text.
55. Hall, supra note 3, at 49. See also infra text accompanying notes 73-75.
56. Polarization and resultant inflexibility have been particularly costly to environmental protection
efforts in the United States. As the result of a polarization process which escaped the control of its
legislative sponsors, inflexible and unrealistic zero-discharge and nondegradation goals were introduced into the Clean Water Act and the Clean Air Act. See Jones, Speculative Augmentation in
Federal Air Pollution Policy-Making, 36 J. POL. 438 (1974). Much of the subsequent conflict
surrounding these Acts has revolved around efforts to introduce, and define the limits on, the flexibility
necessary to implementation. See Smith, EPA and Industry Pursue Regulatory Options, 211 SCI.
796 (1981); Mendeloff, supranote 19; Nisbet, supra note 19; NATIONAL WATER COMMISSION,
WATER POLICIES FOR THE FUTURE, FINAL REPORT TO THE PRESIDENT AND CONGRESS
69-71 (1973).
57. See references cited supra note 19. Analogous problems at the state and local level were
evident in attempts to develop comprehensive growth management and land-use planning strategies.
Cf. G. DAWSON, NO LITTLE PLANS: FAIRFAX COUNTY'S PLUS PROGRAM FOR MANAGING-GROWTH (1977); F. POPPER, THE POLITICS OF LAND-USE REFORM (1981); R.
HEALY & J. ROSENBERG, LAND USEAND THE STATES (1979). Both Connecticut and Vermont
faced similar problems of adoption and implementation associated with polarization. See infra notes
100-102 and accompanying text; Fischer, infra note 103, at 37.
58. For example, Tripp & Jaffe, supranote 7, at 34-35, argue that very stringent land use controls
are necessary for the protection of high quality groundwater or critical recharge areas, in part because
no other means is sufficiently reliable to ensure nondegradation. They do not address the issue of
how to identify such high-quality groundwater resources or critical recharge areas. Id. at 31-32.
The capacity to identify a very restricted subset of the total groundwater resource to which such
controls could be applied is likely to be critical to their adoption and successful implementation. It
is this identification problem that the resource-use method addresses.
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FIGURE 3. Alternate conceptualizations of the groundwater quality policy process.
The approach implemented by New England states, particularly Connecticut, Vermont, and Massachusetts, reverses the role of land use. In
this "resource use approach," information on land use is a primary component in the problem-definition process and only one among a variety
of groundwater protection tools59 (Figure 3b). Conflicts between land and
groundwater uses are identified through the use of mapped data. The
spatial pattern of land and groundwater uses reveals demands and stresses
on groundwater. Relatively simple analytic hydrogeological models requiring limited data usually can identify specific land and water uses
59. For description of potential tools, see infra text accompanying notes 65-66.
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likely to affect, or to be affected by, each other. Probable and potential
conflicts between resource uses, rather than groundwater quality data,
define policy problems. The advantages of the resource use approach are
several.
Flexibility. Most importantly, the resource use approach frames the
groundwater quality management problem within a context that encourages flexibility in the identification of potential solutions by providing
specific information on the problem and the consequences of implementing given options. The value of flexibility and incorporation of local
information in decisionmaking is emphasized by their major roles in the
efficiency of markets.'
Flexibility constrained by realism is largely a consequence of the shift
in emphasis from the physical resource to resource uses:
1. Policy is focused on groundwater resources likely to be used,
rather than all groundwater.6'
2. Land and water uses are cultural phenomena far more subject to
intentional modification than is groundwater itself. Identification
of conflicts between these uses permits evaluation of their relative
importance and capacity for modification.
3. Issues and options are framed in terms of trade-offs between
resource uses, rather than between resource development and
environmental protection, encouraging pragmatic comparison of
similar activities rather than polarization along idealogical lines. 62
As a result, the resource use approach expands the range of potential
management options beyond those designed to protect the physical resource from contamination. Less stringent design, performance, land use,
and discharge standards to reduce risks to groundwater can be added to
the more stringent discharge 63 and land-use controls' associated with
nondegradation strategies. The identification of resource uses likely to be
affected by groundwater contamination suggests additional management
strategies to either reduce their susceptibility to harm or to separate conflicting uses. Included among these are: 65 (1) land use controls to prevent
the location of susceptible land uses in hazardous areas, (2) public pur60. See generally Lindblom, supra note 15, at 65-75; Hayek, The Use of Knowledge in Society,
35 AM. ECON. REV. 519, 526-30 (1945).
61. Cf. E. ZIMMERMANN, INTRODUCTION TO WORLD RESOURCES (H. Hunker ed.
1964) (discussing the importance of uses of a resource relative to its physical abundance).
62. The actual choices to be made are between alternative uses of the resource, and not between
protection and development. Cf. WAUD, MICROECONOMICS 24-29 (1980) (for a discussion of
opportunity costs).
63. See Clean Water Act, 33 U.S.C. §§ 1251-1378 (1982).
64. See Tripp & Jaffe, supra note 7, at 34-35.
65. For a description of these techniques and their application to groundwater quality problems,
see GROUNDWATER MANAGEMENT, supra note 41, chs. 6 & 8.
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chase of recharge areas for important water supplies, (3) full disclosure
and water quality testing requirements to protect prospective homebuyers,
(4) the location, and relocation if necessary, of water supply wells to
protected or less susceptible locations, (5) provision of alternative water
supply and waste disposal systems, including public water supply and
sewerage systems, (6) construction and siting standards for both public
and private water supply wells, (7) land use, density, and design controls
to provide adequate separation between potentially conflicting uses, and
(8) controls over well spacing and pumping patterns to control the movement of potential contaminants.
In some cases, the consequences of contamination are shown to be so
slight that the risk of doing little or nothing to prevent groundwater quality
problems may be acceptable. 6 Because the resource-use approach provides significant contextual information on individual problems, it tends
to suggest which of these options will be socially and politically more
acceptable. This determination is made on a case-by-case basis that highlights the disadvantages of uniform, inflexible regulatory approaches.
Immediate Availability. The resource use approach is simple, inexpensive, rapid, and based on generally available data; it can proceed in
the face of gaps in hydrogeological data or theory. As a result, policymaking can respond quickly to public concerns and demands for solutions
on the basis of solid information on problems and potential solutions.
Although the analytic models used are less powerful and precise than
numerical models, the information produced usually permits a well-trained
and experienced hydrogeologist to make reasonable judgments about the
location, character, and severity of potential problems. The more timeconsuming and expensive monitoring, modeling, and survey efforts may
then proceed deliberately, with available resources concentrated on the
most serious problems and information gaps. Indeed, recent evaluations
of monitoring methodologies emphasize the importance of land-use data
in identifying monitoring needs and designing monitoring strategies.6 7
The technical orientation of such evaluations, however, ignores the potential of land and water use data as a direct input to policy.
PreventiveApproaches. The incorporation of land and water use data
encourages preventive approaches to groundwater quality problems, permitting aprioriidentification of potential problems and possible solutions.
Monitoring identifies contamination only after the fact and cannot by
itself evaluate the consequences of contamination. The resource use ap66. Apgar & Panigrahi, Virtues of the "No-Action" Alternatives in the Management of Ground
Water Contamination, in PROCEEDINGS OF THE NATIONAL WATER WELL ASSOCIATION
EASTERN REGIONAL CONFERENCE ON GROUND WATER MANAGEMENT 502 (D. Nielsen
& L. Aller eds. 1984) (available from the National Water Well Association).
67. Cartwright, supra note 20, at 5-6 & 9-11; Tinlin, supra note 20, at 28-30.
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proach identifies locations where problems are likely to occur and those
activities that would be affected by likely contamination, therefore making
the consequences of contamination clear. Such information encourages
actions to prevent contamination, to reduce the consequences of contamination, or to develop contingency plans in the event of contamination.
In addition, because it is explicitly spatial, the approach separates localized areas facing groundwater quality problems from the much larger
area which is not. This permits the concentration of management efforts
on those locations and activities subject to the most severe problems,
reducing both the political and resource costs of regulation.6 8
Ease of Communication. Finally, because it is based on maps and
map overlays, the resource use approach communicates a great deal of
information easily and with graphic impact to a wide variety of audiences,
including the public, legislatures, and other governmental agencies." The
message communicated is most appropriate for state, in contrast to local
or federal, policymaking. At the state level information on specific problems is relevant and usable, but not typically known. Mapped information
is particularly effective as a common, easily understood data base which
helps to provide coordination to the efforts of a variety of state and local
agencies, policymaking bodies, and interest groups.
New England Examples of the Resource Use Approach
Examples from Cape Cod, Connecticut, and Vermont illustrate the
strengths of a resource use approach in the formulation of groundwater
policy. In each case, a combination of hydrogeological and resource-use
data defines groundwater problems within the policy formulation process.
The diversity of approaches to the actual management of groundwater
quality in New England indicates that an informational base derived from
land use data does not confine protection strategies to land use controls.
Land use data, in fact, expand the apparent range of protection strategies
suggested by the information base.
Cape Cod, Massachusetts.70 Although Cape Cod is rural in nature
and lacks heavy industry, a number of recent groundwater contamination
incidents indicate the area's sole source of potable water is in considerable
68. Vermont used this capability effectively. Cf. infra text accompanying notes 103-14.
69. See infra notes 92-93 and accompanying text.
70. The description of groundwater quality protection strategies on Cape Cod is based on Horsley,
Beyond Zoning: MunicipalOrdinancesto ProtectGround Water, in PROCEEDINGS OFTHE SIXTH
NATIONAL GROUND WATER QUALITY SYMPOSIUM (D. Nielsen & L. Aller eds. 1983)
(available from the National Water Well Association) [hereinafter cited as Beyond Zoning]; Horsley,
DelineatingZones of Contributionfor PublicSupply Wells to ProtectGround Water, in PROCEEDINGS OF THE NATIONAL WATER WELL ASSOCIATION EASTERN REGIONAL CONFERENCE ON GROUND WATER MANAGEMENT 366 (D. Nielsen & L. Aller eds. 1984) (available
from the National Water Well Association) [hereinafter cited as DelineatingZones of Contribution].
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TOWN OF BARNSTABLE

FIGURE 4.

Resource use analysis---town of Barnstable, Massachusetts. Source:
Horsley, supra note 40.

danger." Initial attempts to strengthen groundwater protection on Cape
Cod involved upgrading zoning protection over recharge areas, but it
became apparent that land use controls were not the total solution."
The usefulness of land use controls is limited first by the fact that over
60 percent of the Town of Bamstable is included within "zones of contribution," or areas from which water flows to public-supply wells (Figure
4). Eliminating high risk land uses in these zones would leave little room
71. Beyond Zoning, supra note 70, at 73 & 78.
72. Id. at 73-74.
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for people and their activities.73 Almost all of the land available for
commercial or industrial development in Barnstable falls within one of
the most extensively developed well fields. 74 In a community concerned
with industrial development, prohibition of these land uses in recharge
zones is politically unacceptable. 7"
Second, land-use controls cannot protect groundwater from existing
land uses that pose threats. Much of the land within the zones of contribution is already developed (Figure 4).76 For example, eight leaking
underground fuel or gasoline tanks from existing service stations and
other uses have already been identified.7 7 The danger to water supplies
from such existing uses was demonstrated dramatically by a contaminant
plume from a single leaking gasoline tank which threatens a major publicsupply well field with seven wells;78 the current estimate for the cleanup
of the contamination is $3.5 million.79
Finally, an attempt to classify land uses as acceptable or unacceptable
soon indicated that a large number of uses fall into a "grey area." Landfills, hazardous waste disposal facilities, and chemical manufacturing are
obviously unacceptable, but what about automotive service stations, car
washes, dry cleaners, housing, photo developing, and printing? 0 Such
activities are not regulated through existing federal hazardous waste programs because they generate relatively small amounts of waste and because federal programs regulate hazardous waste disposal, not the storage
and use of materials before they become wastes.8
The data base for Cape Cod is oriented toward providing the highest
level of protection only to the most important uses of water. Available
information on the physical groundwater resource permitted relatively
simple analyses to delineate approximate zones-of-contribution for the
public supply wells.82 Overlay mapping of these zones-of-contribution
and current or projected land uses demonstrated that potential groundwater
quality problems were serious and that land use controls would not sat73. Id.
74. Id. at 74.
75. Id.
76. Id. at 73.
77. Id. at 78.
78. Id. at 77.
79. Id.
80. Car washes, for example, can contribute such hazardous materials as phenols, heavy metals,
alkyl benzene sulfanates, and other petroleum distillates and hydrocarbons; dry cleaning establishments regularly use tri- and tetrachloroethylenes, trichloroethane, benzene, and acetone. Improper
storage and disposal of such materials, even in the relatively small quantities typical of these land
uses, can cause serious groundwater contamination problems. Id. at 74-76.
81. Id.
82. See Delineating Zones of Contribution, supra note 70.

October 1984]

GROUNDWATER QUALITY POLICYMAKING

isfactorily solve the problems.83 Because the groundwater resource was
valuable enough to protect, but threatening land uses were too valuable
to prohibit, technological modifications to these land uses to reduce risk
to groundwater supplies appeared to be the most feasible management
approach.
As a consequence of this analysis, the county developed three model
regulations, only one of which involved zoning:84
1. A water resource protection ordinance combining traditional and
performance zoning for well-recharge areas;
2. A toxic and harzardous-materials control regulation requiring registration of firms handling such materials and their proper utilization, storage, and disposal; and
3. An underground fuel storage-tank regulation controlling the location and installation of tanks and requiring inventory control
and leak testing for older tanks.
Towns within the county were encouraged to select from and adapt these
model ordinances; 14 of the 15 towns have adopted at least one.85
Connecticut.86 Connecticut, one of the pioneers in groundwater quality protection, has taken a comprehensive, centralized, and preventive
approach to groundwater protection. Physical characterization of the resource relies on available information on surficial and bedrock geology. 7
Ground and surface watersheds are assumed to be a single, interrelated
hydrologic unit which can be delineated by the surface watershed.8 8 Data
on saturated and unsaturated thickness, grain size of glacial deposits,
watershed boundaries and other surface water features were mapped on
topographic sheets 9 to form the hydrogeologic component of the information base.' The resource use component consisted of mapped data
83. See Beyond Zoning, supra note 70, at 73.
84. Id.
85. Id. at 73.
86. The discussion on Connecticut's groundwater quality protection program is based on Moore,
Defining the Basic Objectives of a Ground-Water Program, in PROCEEDINGS OF THE SIXTH
NATIONAL GROUND WATER QUALITY SYMPOSIUM 13 (D. Nielsen & L. Aller eds. 1983)
(available from the National Water Well Association); Conn. Dep't Envtl. Protection, Connecticut's
Water Standards Have Covered a Lot of Ground, 10 CITIZEN'S BULL. 9 (1983) [hereinafter cited
as Connecticut's Water Standards]; telephone interview with Elsie Patton, Water Compliance Unit,
Conn. Dep't Envtl. Protection, Hartford, Conn. (Mar. 1983); telephone interview with James Murphy,
Water Compliance Unit, Conn. Dep't Envtl. Protection, Hartford, Conn. (Mar. 1983); telephone
interview with Fred Bannach, Conn. Dep't Envtl. Protection, Hartford, Conn. (Feb. 1983).
87. Moore, supra note 86, at 13.
88. Id. at 10; Connecticut's Water Standards, supra note 86, at 10.
89. In Connecticut, as elsewhere in the Northeast, base maps were developed from USGS topographic sheets. Murphy, supra note 86. This selection contributed to the success of these programs
because of the great quantity of contextual information provided by these maps. Cf. infra note 117
(for importance of context).
90. Moore, supra note 86, at 13; Connecticut's Water Standards, supra note 86, at 10.
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about: (1) existing and proposed public-supply wells and reservoirs; (2)
urban, residential, and industrial land uses; (3) other known waste sources
and spills; (4) protected and natural areas; and (5) nonpotable water uses
such as recreation, navigation, and hydroelectric power generation 9' (Figure 5).
These maps formed the basis for the Connecticut groundwater protection program. Mapping clarified the problems and reinforced the need
for groundwater quality protection. 9 2 State officials believe they could not
have received from the legislature the control authority they now have
without the maps that graphically communicated the seriousness of the
problem.9 3
Connecticut chose to address the groundwater quality problem through
a statewide aquifer classification system, based on standards of groundwater use rather than numerical water quality standards. 94 The selection
of use standards as opposed to physical quality standards was designed
to facilitate enforcement. Use standards increase the flexibility of the
regulatory system to adjust to changing pollutants, knowledge, drinking
water standards, and available regulatory tools. 95 The classification specifies state policy regarding waste discharges and priorities 96for the cleanup
of surface and groundwaters (Figure 5). The classes are:
1. GAA-Used for public and private drinking water supplies without treatment and with no known or presumed degradation. Protection of these aquifers is of the highest priority.
2. GA-Used for private drinking water supplies without treatment
and with no known or presumed degradation.
3. GB1-Known or presumed to be contaminated. No health-related
reason exists for cleaning up these aquifers, but they are to be
protected from future waste discharges that would irrevocably
contaminate the groundwater.
4. GB/GAA and GB/GA-Known or presumed to be contaminated.
These aquifers are generally used for drinking water supplies and
therefore their upgrading to GA or GAA status is a high priority.
5. GA/GC, GB/GC, and GC-Known or presumed existing quality
91. Moore, supra note 86, at 13; Connecticut's Water Standards, supra note 86, at 10.
92. Connecticut's Water Standards, supranote 86, at 13. There were seven landfills in one publicsupply watershed, industrial waste lagoons in others, and public supply wells in or adjacent to
landfills.
93. Paper presented by Robert E. Moore at the Sixth National Ground-Water Quality Symposium
(Orlando, Florida, Sept. 22, 1982) (published in slightly different form as Moore, supra note 86).
94. Moore, supra note 86, at 14.
95. Id.; Connecticut's Water Standards, supra note 86, at 13.
96. Moore, supranote 86, at 14; Connecticut'sWater Standards,supranote 86, at 10-12; WATER
COMPLIANCE UNIT, CONNECTICUT DEP'T ENVTL. PROTECTION, A HANDBOOK FOR
CONNECTICUT'S WATER QUALITY STANDARDS AND CRITERIA (1981).
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varies. May be suitable for high-risk activities such as municipal
and industrial waste disposal.
The major implementation tool is a state-administered program of
groundwater discharge permits. A waste discharge harmful to a protected
water use is assumed to affect uses anywhere within the watershed where
the discharge is located; the burden of proof to show otherwise is placed
on permit applicants. 97 Communities are encouraged to supplement these
controls with local land-use planning and regulation.98 Groundwater monitoring programs to verify whether certain quality goals have been met
or will be achieved are currently being evaluated, but monitoring will be
guided by information and policy needs identified with the existing mapped
data base and the classification system."
The major difficulty encountered in the implementation of the classification system is a result of its comprehensive nature and its attempt to
protect widely dispersed private water uses as well as existing or foreseeable public-supply wells. Most of the state is classified GAA or GA,
requiring stringent restrictions on permitted discharges, particularly industrial waste disposal, thereby affecting local industrial development
prospects."0 Only four percent of the state is classified GB, and only 0.3
percent is classified as GC. ' Industrial and waste disposal policies therefore remain major issues before the legislature.' 2
Vermont."3

Vermont, a rural state without the financial or admin-

istrative resources to undertake an extensive program such as Connecticut's,"' 4 approached groundwater quality protection from a more limited
perspective. Officials believed a program that affected most of the state's
land would generate severe political opposition in areas where development was desired. 0 5 They chose to concentrate initially on developing
an information base for 136 community water supply systems serving 10
or more distinct connections and at least partially dependent on ground97. Connecticut'sWater Standards,supranote 86, at 13; Moore, supranote 86, at 14-15; Murphy,
supra note 86.
98. Connecticut's Water Standards, supra note 86, at 23; Moore, supra note 86, at 14.
99. Connecticut's Water Standards, supra note 86, at 13; Moore, supra note 86, at 14-15.
100. Moore, supra note 86, at 14; Bannach, supra note 86.
101. Connecticut's Water Standards, supra note 86, at 11.
102. Bannach, supra note 86.
103. This description of Vermont's groundwater quality protection policy is based on Fischer,
DesignatingAquifer ProtectionAreas in Vermont, in PROCEEDINGS OF THE SIXTH NATIONAL
GROUND-WATER QUALITY SYMPOSIUM 36 (D. Nielsen ed. 1983); VT. AGENCY ENVTL.
CONSERVATION, VERMONT GROUND WATER PROTECTION AREA REFERENCE DOCUMENT (1983).
104. Fischer, supra note 103, at 36.
105. Id. at 41; telephone interview with Larry Becker, Vt. Agency Envtl. Conservation (Oct.
1983).
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FIGURE 6. Delineation of aquifer protection area boundaries-Cabot, Vermont. Source: Vt. Aquifer Protection Area Ref. Doc., supra note
45.

water." These 136 systems serve 30 percent of the state's population;
additional systems will be evaluated in the future.
The hydrogeologic component of the information base consisted of the
delineation of suspected zones of contribution,' 17 or "aquifer protection
areas" (APAs), for the 136 systems. Although a good deal of expert
hydrogeologic knowledge and judgment were required, the analyses and
calculations were relatively simple0 8 (Figure 6). Once aquifer protection
area boundaries were established, existing land use and waste source
information was mapped using an existing pollution source inventory,
aerial photography, records of other agencies, and field surveys" (Figure
7). A comparison of existing land uses with applicable town plans and
land-use regulations permitted the state to classify each groundwater system into one of four categories. The classification depended upon two
factors: first, the extent of conflict between existing or projected resource
uses and water supply goals and, second, the extent of protection afforded
by local regulations:" 0
1. Protected:The area does not contain any potential pollution sources,
106. Fischer, supra note 103, at 38-39.
107. Id. at 39 (includes input data). The department developed a set of procedures to utilize
available data on surficial and bedrock geology, topography, soils, well drillers' logs, engineering
studies and tests, etc. For details of the methodology, see VT. AGENCY ENVTL. CONSERVATION,
supranote 103; Becker, DefiningAquifer ProtectionAreasforExisting Wells and Springsin Vermont,
in PROCEEDINGS OF THE NATIONAL WATER WELL ASSOCIATION EASTERN REGIONAL
CONFERENCE ON GROUND WATER MANAGEMENT 346 (D. Nielsen & L. Aller eds. 1984)
[hereinafter cited as Defining Aquifer ProtectionAreas].
108. See VT. AGENCY ENVTL. CONSERVATION, supranote 103; DefiningAquifer Protection
Areas, supra note 107. The example illustrated in Figure 6 is that of a bedrock well using an
infiltration model, adjusted for fractures, structural trends, and topography. VT. AGENCY ENVTL.
CONSERVATION, supra note 103, at 8.
109. Fischer, supra note 103, at 39-40.
110. VT. AGENCY ENVTL. CONSERVATION, supra note 103, at 40.
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the densities of septic systems are less than one per acre, or the
area is zoned for recreation, forestry, agricultural use, or open
space. Nineteen percent of the systems were classified as protected.
2. Possibly Protected: The town generally has one acre residential
zoning or a groundwater protection goal in the plan if no zoning
exists. Twenty-one percent of the systems were classified as possibly protected.
3. Minimal Protection:Planned or zoned for medium to high residential development, commercial, industrial, or village areas.
Potential pollution sources are already present. Twenty-three percent of the systems were classified as minimally protected.
4. Not Protected: Major conflicts exist between groundwater protection goals and current or projected uses. Plans and zoning
ordinances openly permit or encourage potentially polluting activities within the area. Thirty-seven percent of the systems were
classified as not protected.
The distribution of the aquifer protection areas illustrates an important
fact: groundwater problems tend to be localized. Although portions of
the groundwater resource are in significant danger, a significant proportion
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is not. In this case, aquifer protection areas for the 136 systems cover
only 0.4 percent of the state's land area; of these, 40 percent are reasonably well protected."' By identifying specific resources under stress,
the administrative, resource, and political costs of regulation could be
reduced by concentrating efforts on these specific areas.
The Vermont mapping and classification systems are not regulatory
devices in themselves; they are an information base for the use of all
state and local agencies with missions or authority relevant to groundwater
problems. The Vermont Department of Environmental Conservation will
prevent the location within aquifer protection areas of hazardous facilities
under its permitting control,'t2 mostly through federally-mandated programs." 3 Localities and other state agencies are provided with information, advice, and assistance, but in the final analysis are presented only
with a variety of options ranging from land-use controls and watershed
purchase to accepting the risks and bearing future costs of treatment or
replacement. '
In some ways, the Vermont program is limited. The technical data base
is restricted. Only the most important public-supply groundwater resources are emphasized, and little in the way of implementation of protection programs is mandated. Yet, this program estimates the pervasiveness
of groundwater quality problems with major consequences, determines
the highest priorities, and focuses efforts on these priorities, while operating at a very low cost with limited available information. The emphasis
on information in the state-level program provides a basis and motivation
for local action while preserving local options to adjust strategies to
varying goals, concerns, and conditions.
CONCLUSIONS AND WIDER APPLICABILITY
As developed in New England states, the resource use approach to the
definition of groundwater problems identifies existing and potential conflicts between land and water uses, their potential seriousness, and their
geographic pervasiveness and extent. This approach to information is
relatively inexpensive and is currently available with existing data and
knowledge. It can, therefore, play a very significant role if brought into
the development of groundwater quality protection programs before the
I 11.

Fischer, supra note 103, at 39.
112. Id. at 41.

113. These include the underground injection control, 42 U.S.C. §§300f, 300h-l to -3 (1982),
sole-source aquifer, 42 U.S.C. §§ 300f, 300h-3(e) (1982), and primary drinking water standard, 42
U.S.C. § 300g-1 (1982), provisions of the Safe Drinking Water Act, 42 U.S.C. § 300f (1982), solid
and hazardous waste programs under Resource Conservation and Recovery Act, 42 U.S.C. §§ 69016987 (1982), and other major environmental legislation. See Tripp & Jaffe, supra note 7, at 14-24.
114. Fischer, supra note 103, at 40-41.
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seriousness and pervasiveness of problems increase and constrain water
supply options for the future. In particular, a resource use perspective
leads to a pragmatic and flexible approach to solving groundwater problems, providing a check on the tendency to overregulate or underregulate,
and reducing the costs and political constraints to regulation.
The experience of the New England states may offer substantial guidance to other states. Approaches to groundwater protection in New England may not be directly transferable in their entirety to states with different
physical," 5 economic, political, and institutional conditions and constraints. But the approach to information on groundwater problems, combining land and water use data to identify conflicts between resource uses,
may be highly transferable. 6
In contrast, groundwater information systems based solely on information about groundwater itself must rely on very expensive groundwater
monitoring and modeling. Such systems are ultimately unsatisfactory as
the only information on problems, regardless of the expense. It is practically impossible to monitor at sufficient densities and frequencies to
adequately define groundwater problems entirely from monitoring data.
Further, once groundwater contamination is detected through monitoring,
opportunities to restore groundwater quality are frequently limited. The
focus on groundwater itself tends to reduce policy flexibility, to inadequately prioritize regulatory efforts, and ultimately to delay adoption of
effective programs to reduce long-run risks. To be sure, land-use information cannot replace monitoring, modeling, and hydrogeologic survey
115. In New England, most of the important aquifers are water-table aquifers composed of
sediments in buried bedrock valleys. As a result, there is a direct relationship between the land
surface and the quality of the groundwater beneath it; water supply wells are very sensitive to local
land uses, but insensitive to land uses at some distance. In other regions, gently dipping sedimentary
strata underlie very large geographic areas, as in southeastern coastal and south-central plains regions.
See J. MILLER, P. HACKENBERRY & F. DELUCA, GROUNDWATER POLLUTION PROBLEMS IN THE SOUTHEASTERN UNITED STATES (1977) (EPA No. 600/3-77-012); M. SCALF,
J. KEELEY & C. LAFEVERS, GROUNDWATER POLLUTION IN THE SOUTH CENTRAL
UNITED STATES (1973) (EPA No. R2-73-268). Groundwater may travel considerable distances
and, therefore, conflicts between land and groundwateruses can occur over longer distances. Conflicts
may be local, particularly in outcrops where the aquifer recharges, or they may occur at some
distance, particularly between polluting land uses in recharge zones and down-dip supply wells
tapping the same aquifer. Any system that fails to identify the regional nature of some conflicts, or
a management strategy that relies on locally initiated programs to correct regional problems, will
run into difficulty.
116. With suitable modification to New England approaches, however, mapping strategies can
be devised that effectively identify and characterize land and groundwater use conflicts under very
different geological conditions. For example, a different set of maps can be constructed for each of
a series of bedded aquifers underlying a region, identifying resource uses that may affect, or be
affected by, groundwater quality in that aquifer. If all such maps for a region were constructed at
the same scale, a great deal of information on potential problems could be effectively assembled
and organized. For an approach to a three-dimensional geologic mapping, cf. J. KEMPTON, THREE
DIMENSIONAL GEOLOGIC MAPPING FOR ENVIRONMENTAL STUDIES IN ILLINOIS (1981)
(available from Illinois Geological Survey as Geology Note 100).
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efforts; subsurface investigations supply vital coordinate information that
cannot be obtained in any other way. But only resource-use data can
provide the information essential to the identification of priorities for
subsurface investigation, the design of cost-effective monitoring and survey programs, and the identification and characterization of water and
land use conflicts responsible for problems.
The richness of the characterization of problems, as specific conflicts
occurring within a context of competing resource uses, is the greatest
strength of the resource use approach. A contextual information base
tends to suggest a variety of potential solutions at the same time that it
constrains consideration of solutions by the realities of the problem and
the consequences of various policy actions."' It is such considerations,
based on information about problems, that encourage efficient, locallyadapted policymaking.

117. Context is increasingly seen to be a fundamental component of information. The discipline
of information science makes a distinction between data and information. Data is a representation,
often numeric, of facts; information is data evaluated in the context of a particular decision. See
Everest, Database Management Systems Tutorial, in READINGS IN MANAGEMENT INFORMATION SYSTEMS 164 (G. Davis & G. Everest eds. 1976). For a more popular treatment of
these ideas, see J. CAMPBELL, GRAMMATICAL MAN: INFORMATION, ENTROPY, LANGUAGE, AND LIFE (1982).

